The penemsare a series of synthetically prepared /Mactam derivatives which were initially designedX) by combining the structural features of both the 5-membered thiazoline ring of the penicillins with the enamine-like double bond of the cephalosporins.
Further introduction of a 6S- (lJR-hydroxyethyl) substituent, found in the carbapenem thienamycin, to the corresponding position in the penemnucleus has resulted in highly potent and broad spectrum antibiotics. Wenowwish to report the investigation of a new series of penemswhich bear a substituted phenyl group in the 2-position. It has been found that the level of potency of these compoundsdepends critically on the nature of the substituent on the phenyl ring.
Muchattention has been paid to penems with a variety of substituents in the 2-position, particularly 2-alkylthio2), 2-thiomethyl3), 2-oxymethyl4) and 2-aryloxy5). Conversely, until recently6'7), only scant attention has been paid to 2-arylpenems despite the fact that a 2-phenylpenem was one of the first examples prepared1*. We sought therefore to investigate such a series of 2-arylpenems and in particular to vary the nature of the substituent on the phenyl ring. Furthermore, our experience in the 2-aryloxypenem series5) suggested that a carbamoylphenyl penem might be a highly potent antibacterial agent and was therefore an especially attractive target.
A short and high-yielding route to the arylpenem nucleus was required. It was reasoned that if the recently discovered oxalimide cyclization8) could be employed for the 2-aryl series then the readily available thiobenzoic acids (from benzoyl chlorides and H2S) would provide convenient starting materials for such a route. Thus, reaction of the well known ter^-butyldimethylsilyl (TBDMS)-protected acetoxyazetidinone (1)9) with the thiobenzoic acids (2), as their sodium salts, gave the intermediate thioesters (3) in good yields. These thioesters all exhibited a large coupling constant between 3-H and 4-H (/=2.3~2.5 Hz) indicating a trans configuration across the ring and confirming that displacement of the acetoxy group occurs with retention of stereochemistry. Acylation of the azetidinone NH with /?ara-nitrobenzyl (PNB) oxalyl chloride afforded the desired oxalimide intermediates (4), which 1169 could be isolated but were not stable to chromatography on silica gel. Direct treatment of the oxalimides (4) with two equivalents of triethyl phosphite in refluxing xylene smoothly afforded the protected penems (5) in good to excellent yields. These were subsequently desilylated with tetrabutylammonium fluoride and the resulting penem PNB-esters (6) hydrogenated to provide the desired penems (7), which were isolated as their potassium salts. While this route worked very well for the unsubstituted phenyl penem (7a) and for a variety of simple substituents (7b~7f), and indeed even for the secondary amide penems (7g and 7h) it failed completely to provide the sought-after primary amide (7i). It appeared that although the primary amide intermediate (3i) could be obtained its acylation with PNB-oxalyl chloride was complex, presumably because of competing acylation at both the azetidinone NHand the primary amide, and none of the cyclized product (5i) was obtained. In fact, during some attempts at this reaction small amounts of the cyanopenem (5k) were isolated providing an indication that reaction had occurred at the amide group. A less direct route to the primary amide, which utilized a protected carboxyl strategy, was therefore adopted. The half ester-half thioacid (2m), in which the latent carbamoyl function is protected as a 3,4-dimethoxybenzyl (DMB) ester10), was carried through the sequence and the penemDMB-ester (6m) obtained in good yields. Deprotection of the DMB moiety using 2,3-dichloro-5,6-dicyano-l,4-benzoquinone1 0) provided the penem free carboxylic acid (6n) and conversion of the acid to the primary amide (6i) was accomplished by a simple activated ester strategy. Thus, the free acid (6n) was reacted with 1-hydroxybenzotriazole in acetonitrile, using 1 -(3-dimethylaminopropyl)-3-ethylcarbodiimide as a coupling reagent. The resulting active ester was treated with a solution of ammonia in acetonitrile to provide the desired amide (6i) cleanly, and in good yield.
The raeta-carbamoylphenyl penem (6q) was obtained by a similar sequence starting with the DMB-ester (2p) and both amide PNB-esters (6i and 6q) were deprotected in the usual mannerto give the amide potassium salts (7i and 7q), respectively, Table 1 ) and that the latter carbamoyl compounds are particularly potent. It is interesting to note that, while the results in Table 1 show that activity of this series of compounds appears to correlate with electron withdrawing ability of the substituent on the phenyl ring (e.g. 7i>7a>7d), the meta-substituted amide (7q) is 2~4-fold more active than the corresponding para-amide (7i). Therefore, the critical effect that the nature of the substituent on the phenyl ring has to the antibacterial activity of these compounds cannot be explained solely in simple electronic terms.
